MPA limits (Morris et al. 2003 . A reduced research catch rate of Gilbert Bay cod was 76 strongly correlated with commercial fishing in areas adjacent to the MPA, which suggests that 77 fisheries outside the MPA boundaries may be contributing to the observed population decline 78 (Morris and Green 2014). Given the current declining state of the Gilbert Bay cod population, 79
there is a need for tools that will enable identification of Gilbert Bay cod wherever they occur, 80 including in fisheries adjacent to the MPA. 81
Here, we use genome-wide SNP data to develop genomic tools to aid the management of 82 the Gilbert Bay cod population. The first objective is to identify SNPs that enable accurate 83 assignment of Gilbert Bay and offshore individuals to their respective populations of origin. 84
Second, we use these SNPs to estimate the proportion of Gilbert Bay cod relative to offshore cod 85 that are present in harvests from unprotected waters surrounding the MPA. The final objective is 86 to use the complete, genome-wide SNP data to estimate the effective population size of the 87 Gilbert Bay cod population over a 17-year period. Understanding the spatial and temporal 88 dynamics of exploitation of Gilbert Bay cod and determining effective population size will 89 directly inform management and conservation of the Gilbert Bay Atlantic Cod population and 90 improve the effectiveness of the Gilbert Bay MPA. 91 D r a f t (Table 1) (Table 1) . 107
DNA extraction and genotyping 108
Fin clips (2mm 3 ) were collected from live individuals and were immediately preserved in 109 95% ethanol. Genomic DNA was extracted using a Qiagen DNeasy 96 blood and tissue kit 110 following protocol described by manufacturer or using a standard phenol-chloroform procedure 111 
Quality control filters and population genetic statistics 126
Of the 10,913 genotyped SNPs, 7,214 SNPs were selected for further analysis. Any loci 127 that did not qualify as a bi-allelic SNP according to their clustering pattern (using a large sample 128 set of more than 5,000 individuals; Kent et al. in prep.), were removed prior to additional 129 filtering steps. PLINK, a tool set for manipulating and analysing large genomic datasets, was 130 used for the following filtering procedures (Purcell et al. 2007 ). To begin, we removed any 131 individual with low genotyping (less than 85% complete) from the dataset. We then removed any 132 SNP with a minor allele frequency less than 0.01. SNPs were also filtered to ensure missing data 133 at any given loci were not greater than 15%. 134
Observed heterozygosity (H o ) for each locus was calculated with Arlequin v3.5 using 135 baseline samples. We removed any SNP with H o greater than 0.5 in both putative populations 136 (offshore and Gilbert Bay). We also tested for departures from Hardy-Weinberg equilibrium 
Determining population of origin 148
The population of origin was assessed for each individual using the Bayesian method 149 implemented in STRUCTURE 2.3.4 (Pritchard et al. 2000) . The set of 7,214 filtered SNPs 150 (including loci in LD) was used for the analysis of population structure. Three replicate runs 151
were conducted for each value of K (i.e. number of populations) from 1 to 4. Each replicate 152 consisted of a burn-in period of 100,000 followed by a run length of 500,000 iterations. 153 CLUMPAK was used to determine the best value of K for the baseline samples. K-specific 154 likelihood values and the DeltaK statistic were used to identify value of K that best represents the 155 structure present (Evanno et al. 2005) . 156
Baseline sample assignment 157
To assess the accuracy of baseline assignment, we used an approach developed by 158 
Analysis of fishery samples 177
The composition of fishery samples from outside MPA boundaries was determined by 178 calculating the proportions of Gilbert Bay and offshore individuals based on the population of 179 origin determined by the STRUCTURE analysis with the full filtered dataset. Next, mixture 180
proportions estimates determined by the full filtered dataset and panels of reduced size were 181 compared. Based on the results of the baseline assignment test, the minimum number of SNPs 182 needed to obtain 100% accuracy was determined and used as a standard number of loci to 183 compare methods of selection. The standard number of loci was a subset from the complete 184 dataset using all three methods of selection. The three resulting panels of reduced size and the 185 complete panel of filtered loci (7,214 SNPs) were used to estimate mixture proportions of fishery 186 samples and to assign individuals from the fishery samples to one of the baseline populations. 
panels. 194

Estimating effective population size 195
A total of 119 individuals were collected from Gilbert Bay spawning grounds (Table 3) This formula uses the total length of the genome to estimate the degree that ܰ e has been 225 downwardly biased due to physical linkage and generates an adjusted estimate of N e that 226 accounts for this bias. 227
The total length of the genome (cM) is specified in centimorgans. In this case, the female 
Determining population of origin 245
The population of origin for all 361 individuals was determined using the Bayesian 246 method implemented in STRUCTURE 2.3.4 ( Figure S1 ). The filtered panel of 7,214 SNPs was 247 analyzed to determine population structure and to calculate the fraction of each individual's 248 genome derived from each population. The best number of populations (K) estimated by 249 CLUMPAK was two ( Figure S2 ). All individuals were assigned to one of the two populations 250 determined by CLUMPAK with a probability greater than 80% (Table S1) . SNPs from the complete panel and from GRRF yielded 89.5% and 99% accuracy overall, 261 respectively (Table S2) . Only a small number of SNPs were found among the 23 top-ranked 262
SNPs of more than one panel. In addition, the top 23 SNPs according to F ST ranking of all loci 263 were distributed across only three linkage groups (LGs) and the majority (83%) were located in 264
LG1. In contrast, the other two 23-SNP panels selected based on F ST ranking of loci showing no 265 evidence of LD and GRRF each contained loci distributed across 13 of the 23 linkage groups in 266 Atlantic Cod (Table S3 ). These 23-SNP panels were selected for analysis of mixed fishery 267
samples. 268
Analysis of fishery samples 269
Over (Table S2) . 275 (Table S4) (Table S2) . Consequently, significant differences 287
were observed between estimates of this panel and the complete panel, as indicated by a low 288 correlation value (r = 0.66) ( Figure 5) . 289
Estimating effective population size 290
Both LD and temporal methods yielded N e estimates under 1,300 ( Figure 6 , Table S5 ). To 291 create a neutral panel for estimating N e , we removed 513 SNPs identified as potentially under 292 selection or located within a chromosomal rearrangement from the complete dataset (Table S6) . Table S4 . . N e estimates and 95% confidence intervals (C.I.'s) calculated using the LD method 736 (Table S5) . LD method yielded two estimates: naïve estimates (grey) and bias-corrected 737 estimates (black). 738
